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Abstract 
We examined the adaptation and generalization effect of one familiarization treadmill walking session on gait in 
patients with Parkinson's disease (PD) with different degrees of disease severity. Eight moderate PD patients (Hoehn 
and Yahr stage 2–2.5), eight advanced PD patients (Hoehn and Yahr 3), and eight matched control subjects 
participated in this study. Subjects first walked overground on a 10-m walkway at a self-selected speed 
(pretreadmill). They then performed a 20-min treadmill training session, followed by three trials of overground 
walking (Post1, Post2, Post3). Cadence, step length, speed, and coefficient of variation of stride time (CV) were 
recorded. During the treadmill session the advanced PD patients significantly decreased their cadence (t = 3.9, P ≤ 
0.01) and increased their step length (t = 4.27, P ≤ 0.01) compared with pretreadmill walking. After the treadmill, all 
subjects walked overground significantly faster (F = 16.51 P ≤ 0.001) and with a larger step length (F = 13.03 P ≤ 
0.01) than pretreadmill walking. The present study shows a specific adaptation to walk over the treadmill for the 
advanced PD patients. Moreover, this confirms the potential therapeutic use of the treadmill for PD gait rehabilitation 
since a single familiarization session lead to an increase in the step length and thus to the improvement of the main 
gait impairment in PD. 
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Parkinson's disease (PD) is clinically characterized by symptoms of akinesia, rigidity, and resting 
tremor related to a dopaminergic deficiency of the nigrostriatal pathway. Disorders of gait are other 
common symptoms of PD.1 PD gait is characterized by a particular difficulty with the internal regulation 
of stride length.2, 3 Associated disturbances include a forward-flexed trunk, inadequate flexion at the 
ankle and knee, insufficient heel strike, reduced arm swing, postural instability, asymmetric stride times 
for both lower limbs and high stride-to-stride variability.4–9 Although in the first stages of the disease 
Levodopa therapy is effective in ameliorating these symptoms, with the disease progression the 
medication treatment loses effectiveness. At this point, the gait performance represents one of the major 
factors in determining the independence and quality of life of the patients10 and rehabilitation is highly 
recommended.11 Thus, one of the main focuses of physical rehabilitation is to improve the gait deficits in 
PD. In the last decade, a small number of studies have also investigated the use of the treadmill in the 
rehabilitation of the gait in PD patients,12–18 Toole and colleagues15 showed an improvement in the gait 
and balance in Parkinson's patients that participated in a 6 weeks treadmill walking program. Recently 
Herman and coworkers18 extended these results showing an enhancement in the gait rhythmicity and 
several improvements in the motor signs, the later remaining significantly better 4 weeks after the training 
was stopped. The positive effect of the treadmill in PD seems to be independent of the use of body-weight 
support.15 
Several studies show that one single session with the treadmill can be effective in improving the gait 
parameters in PD subjects.12, 14 During treadmill walking PD subjects are able to walk with a less 
variable and more stable gait.17 Pohl and colleagues14 reported an increase in the walking speed, stride 
length and a decrease in the double stance duration after 30 min of treadmill training. These immediate 
effects of treadmill training occurred either when using a progressive speed increase protocol or when 
walking at the same speed as on overground walking. However, one issue that has not been addressed yet 
in the literature is whether the adaptation to walk over the treadmill is dependent on the progression of 
disease. Based on the finding described above, we evaluated the adaptation and generalization effect of 
one familiarization treadmill session on gait in two groups of PD subjects with different degrees of 
disease severity. We hypothesized that the more advanced PD patients will have a different adaptation to 
treadmill walking than the moderate PD patients and control subjects. 
Patients and methods 
Subjects 
Sixteen subjects with PD (9 males and 7 females, mean age = 64 ± 8.1) and eight age-, sex-, weight-, 
leg length- and height-matched controls (five males and three females, mean age = 62 ± 8.3) with no 
history of neurological disorders were recruited for the study. Eight PD subjects were in the moderate 
stage (II Hoehn and Yahr stage) and the remaining eight were in the advanced stage group (III Hoehn and 
Yahr Stage). Seven of the eight advanced patients had freezing phenomena in the OFF state of 
medication. Both PD and control subjects were recruited from the local community and local Parkinson 
Association under the supervision of a neurologist and physical therapist. All subjects were naïve to 
treadmill walking. PD patients were excluded if they had a past history of neurological conditions other 
than PD or orthopedic, cardiovascular or visual disturbance that affected walking ability. A fundamental 
requirement for inclusion in the study was the ability to walk for 10 min without stop, walking aids or 
assistance. For PD subjects, the level of functional disability was also determined by the Unified 
Parkinson's Disease Rating Scale (UPDRS), the Hoehn and Yahr scale (H&Y) and the Schwab and 
England activity of daily living scale (S&E). No subject showed dementia as assessed by mini-mental 
state examination (MMSE). All tests were carried out while the patients were ON medication. Details of 
the subjects are shown in Tables 1 and 2. The Ethics Committee of our Institution approved the 
experimental protocol and all subjects gave their written informed consent according to the declaration of 
Helsinki (1964), before entering the study. 
  
Table 1. Details of Parkinson's disease patient characteristics 
Patient 
number 
Age 
(yr) 
Sex 
Disease 
duration 
(yr) 
Weight 
(Kg) 
Leg 
length* 
(cm) 
Height 
(cm) 
UPDRS H&Y S&E Medication per day (mg) 
Moderate PD patients 
1 57 M 4 96 86 169 32 2 90 Levodopa/Carbidopa 300/75, Pramipexole 3.15 
2 63 M 4 71 88 169 35 2.5 90 Levodopa/Carbidopa 600/150, Cabergoline 6 
3 60 M 1 66 84 168 28 2 90 Levodopa/Carbidopa 600/150, Entacapone 800 
4 73 M 10 79 85 166 48 2.5 90 Levodopa/Carbidopa 875/87.5, Cabergoline 3, 
Entacapone 400, Pramipexole 3.15 
5 58 F 12 76 86 164 35 2.5 80 Levodopa/Carbidopa 775/137.5, Entacapone 300, 
Biperiden 4, Ropinirole 3 
6 59 F 5 73 77 156 38 2.5 90 Levodopa/Carbidopa 300/75, Cabergoline 4, 
Entacapone 600 
7 50 F 6 70 79 156 40 2 90 Levodopa/Carbidopa 300/75, Biperiden 3, 
Entacapone 600, Ropinirole 6 
8 66 M 2 71 80 164 53 2.5 80 Levodopa/Benserazide, 750/187.5, Ropinirole 9 
Mean 61  5 75 83 164 39 2 88   
SD 6.8  3.8 9.4 4.0 5.5 8.3 0.3 4.6   
 
Advanced PD patients 
9 61 F 10 74 77 158 86 3 60 Levodopa/Carbidopa 450/112.5, 
Levodopa/Benserazide 350/87.5, Cabergoline 2, 
Entacapone 1000 
10 78 M 9 79 84 166 53 3 80 Levodopa/Carbidopa 1000/250, Entacapone 800, 
Cabergoline 6 
11 65 F 13 76 82 160 77 3 70 Levodopa/Carbidopa 1025/275, Entacapone 
1200, Rotigotine 4 
12 73 M 14 60 84 162 74 3 80 Levodopa/Carbidopa 200/50, 
Levodopa/Benserazide 1200/30, Entacapone 
200, Ropinirole 10 
13 74 M 7 81 88 167 67 3 70 Levodopa/Carbidopa 600/75, Ropinirole 18 
14 52 F 8 57 80 159 58 3 70 Levodopa/Benserazide 800/200, Pramipexole 
3.15 
15 63 F 4 79 79 149 45 3 80 Levodopa/Carbidopa 450/112.5 
16 70 M 3 84 93 171 51 3 80 Levodopa/Carbidopa 300/75, Rotigotina 8 
Mean 67  8 74 83 162 64 3 74   
SD 8.4  3.9 7.2 5.0 6.7 14.4 0.0 7.4   
           
 
*Distance from the great trochanter to the floor. 
  
Table 2. Details of control subject characteristics 
Control number Age (yr) Sex Weight (Kg) Leg length (cm) Height (cm) 
      
1 51 M 84.5 91 173 
2 64 M 73.4 84 170 
3 61 F 63.6 82 156 
4 61 F 64.9 84 162 
5 59 M 78.7 87 170 
6 74 F 76.7 82 156 
7 73 M 70.6 89 170 
8 53 M 78.9 89 175 
Mean 62 
 
74 86 166 
SD 8.3 
 
9.7 3.5 7.6 
      
 
Testing Procedure 
The experimental procedure is shown in Figure 1. Prior to testing each subject was given two practice 
trials of walking overground. The subjects then performed the pretreadmill test (Pre) in which each 
subject walked up and down the 10-m walkway to complete a total distance of 60 m at a self-selected 
comfortable speed. The time taken for each subject to complete the middle 5 m of the walkway of each 
lap (30 m in total) was measured using two pairs of photoelectric cells and the speed (m/s) was calculated. 
The subjects were then given 5 min to rest in a sitting position before starting the familiarization treadmill 
session. 
 
 
 
Figure 1. Time line of the experimental procedure. 
The familiarization treadmill training session consisted of five 4-min blocks (T1–T5) of treadmill 
walking with a rest period between blocks of 3 min. All participants walked on the treadmill holding the 
handrails. The pretreadmill speed was used to set the treadmill speed for each subject. In all blocks, 
during the first minute, the belt speed was increased to the pretreadmill speed, provided that the subject 
could walk safely. Measurements on the treadmill were taken in the third minute of each block. Subjects 
walked on the motorized treadmill under the close supervision of a physical therapist and with a safely 
harness to prevent falls, which did not support the subject's weight. At the moment that all the participants 
started to walk over the treadmill the tendency was to increase their cadence and to tilt the body forward. 
The therapist instructed them to do their steps close to the front of the treadmill and keep erected their 
body, being careful that all of them received the same amount of feedback. All subjects were asked to 
hold on to the handrails of the treadmill regardless whether they needed to. Except for the more affected 
patients, all the subjects were able to walk over the treadmill at their overground comfortable speed from 
the first block. However, for the advanced PD patients, it was necessary to use a lower speed during T1 
and T2 and, in one patient, the T3 blocks since they could not walk safely at the pretreadmill speed. 
During the T4 and T5 blocks all the advanced PD patients were able to walk at the pretreadmill speed. 
For these reasons, we choose T5 as the measure that represents best the gait pattern over the treadmill in 
all the groups. 
At the end, three posttreadmill tests were conducted (overground gait): immediately after the treadmill 
training (Post1), 5 and 10 min after treadmill training (Post2 and Post3, respectively). 
The total duration of the experimental session was 1–1.5 hr. 
Apparatus 
To measure stride-to-stride time, a force sensitive switch of 2-cm diameter was placed in the subject's 
shoe corresponding to the position of the heel. The variables measured for each condition of gait 
included: speed (m/s); step length (m); cadence (steps/min) and the coefficient of variation (CV) of 
recorded intervals between two consecutive steps. Average step length was calculated by dividing the 
cadence by the gait speed. A treadmill with handrails (SporsArt 6300, Sports Arts Fitness) was used. 
Statistical Analysis 
To determine the changes in gait over the treadmill, a repeated-measures analysis of variance 
(ANOVA) was performed with group (control, PD moderate and PD advanced) and time (pretreadmill, 
T5) as factors. 
A repeated-measures ANOVA was carried out for the following variables: the mean speed, cadence, 
step length, and coefficient of variation. The independent variables were group (control, PD moderate and 
PD advanced) and time (pretest and Post1, Post2, Post3), producing a 3 × 4 mixed model ANOVA with 
repeated measures on the latter factor. 
Post Hoc t tests were computed using a Bonferroni correction. 
All statistical analyses were performed using SPSS (SPSS, Chicago, IL). None of the data violated the 
normality assumption necessary to conduct parametric statistical tests. A P value ≤0.05 was considered 
statistically significant. 
Results 
Baseline 
Baseline characteristics (pretreadmill test) of the subjects in the three groups differed significantly. 
One way ANOVA showed a main effect for speed (F2,21 = 22.48, P ≤ 0.001), step length (F2,21 = 22.43, P 
≤ 0.001) and CV (F2,21 = 16.88, P ≤ 0.001) but not for the cadence. Post hoc analysis showed that the 
three groups were significantly different for speed and step length (P ≤ 0.05). CV was significantly 
different between control and advanced PD patients (t = 4.25, P ≤ 0.01), and moderate and advanced PD 
patients (t = 4.98, P ≤ 0.01) but not between control and moderate PD patients. In line with the literature, 
the PD patients showed a lower speed and amplitude than control subjects. These differences increased 
with the severity of the disease. 
Overground Gait vs. Treadmill 
The ANOVA showed significant interactions (group*time) for step length (F2,21 = 13.68, P ≤ 0.001; 
effect size (EZ) = 0.56; observed power (OP) = 99%) and cadence (F2,21 = 12.56, P ≤ 0.001; EZ = 0.54; 
OP = 99%). No interactions between group and time were found for the CV. 
During the treadmill session (T5), the advanced PD patients significantly decreased their cadence (t = 
3.9, P ≤ 0.01) and increased their step length (t = 4.27, P ≤ 0.01) compared with pretreadmill walking. 
The control subjects and moderate PD patients did not change significantly neither step length nor 
cadence. Figure 2 demonstrates the adaptation of the subjects in the three groups to the treadmill. 
 
 
 
Figure 2 . Cadence (A), step length (B), and CV (C) before treadmill walking 
(Pre) and during treadmill walking (T5). Note that only the PD advanced group 
decreased significantly their step length and increased their cadence. 
Posttreadmill Effect 
Gait speed showed a significant main effect for time (F3,63 = 16.51, P ≤ 0.001; EZ = 0.44; OP = 100%) 
and group (F2,21 = 21.25, P ≤ 0.001; EZ = 0.98; OP = 100%), without a significant interaction. Since there 
were no significant interactions, to determine the time course for all the groups, we performed post-hoc t 
tests grouping all the subjects together (patients and controls). The results showed that the speeds at 
Post1, Post2, and Post3 were significantly higher than before the treadmill (t = 4.86 P ≤ 0.001, t = 5.36 P 
≤ 0.001, t = 5.08 P ≤ 0.001 for Post1, Post2, and Post3, respectively) (Fig. 3A). 
  
 
 
 
Figure 3. Comparison between overground walking before treadmill (Pre) and overground walking after treadmill (Post1, Post2, 
Post3). All subjects increased significantly their gait speed and the step length after the treadmill (A,B). The control and PD 
moderate groups increased significantly their cadence after the treadmill (C). No changes were shown in the CV (D). (#) indicate 
significant differences with Pre (patients and control subjects together). (*) indicate significant differences with Pre (for separate 
groups). 
The step length showed a significant main effect for time (F3,63 = 13.03, P ≤ 0.01; EZ = 0.38; OP = 
100%) and group (F2,21 = 17.58, P ≤ 0.01; EZ = 0.98; OP = 100%) factors. No significant interaction 
between these factors was shown. Post-hoc t-tests showed significant increases of step length at Post1 (t = 
2.96, P = 0.02), Post2 (t = 2.72, P = 0.02), and Post3 (t = 2.74, P = 0.02) compared with the step length 
before the treadmill (Fig. 3B). 
The cadence showed a significant main effect for time (F3,63 = 4.95, P ≤ 0.01; EZ = 0.19; OP = 89%) 
and a significant difference between groups (F2,21 = 9.96, P ≤ 0.01; EZ = 0.99; OP = 100%). The 
interaction group*time showed a trend for significance (F6,63 = 1.95, P = 0.08; EZ = 0.15; OP = 67%). 
Separate ANOVAs for each group showed a significant main effect for time for the control (F3,21 = 4.26, 
P = 0.02; EZ = 0.37; OP = 78%) and PD moderate (F3,21 = 6.18, P ≤ 0.01; EZ = 0.54; OP = 69%) groups. 
Both the groups significantly increased their gait cadence immediately after the treadmill compared with 
pretreadmill (t = 2.27, P ≤ 0.05 and t = 3.42, P = 0.01 for Control and PD moderate groups, respectively). 
During the Post2 and Post3, the cadence remained significantly higher than before the treadmill in the 
control subjects (Post2: t = 2.13, P = 0.03; Post3: t = 3.17, P = 0.02) and in the advanced PD patients 
(Post2: t = 3.01, P = 0.02; Post3: t = 3.19, P = 0.02) (Fig. 3C). 
The CV showed significant differences between the groups (F3,63 = 20.26, P ≤ 0.01), but not for the 
time (Fig. 3D). 
Discussion 
Our study shows that a single familiarization session over the treadmill leads to an improvement in the 
overground gait and lasts for at least 15 min. However, the adaptation to the treadmill was different in the 
PD advanced group compared with PD moderate and control groups. This main difference was in the 
increased step length observed in the advanced PD patients. Moreover, the adaptation was followed by a 
“generalization effect” after the treadmill in all groups. 
  
Group Characterization 
Our pretreadmill walking results are in line with several previous studies that showed a decrease in the 
speed and step length in PD patients, without any change in the step cadence.2, 3 These differences were 
more pronounced for the more advanced PD patients. Regarding the stride time variability, only the PD 
advanced group showed a higher CV than Control and PD moderate group. Thus, our groups were 
significantly different in their gait characteristics. 
Overground Gait vs. Treadmill 
When we compared the overground gait parameters before treadmill with the T5 block over the 
treadmill, we found the same behavior for the moderate PD patients and control subjects. Over the 
treadmill, both groups increased their cadence, although not significantly, and maintained a similar step 
length to walking overground. These results were reported previously by Frenkel-Toledo and 
coworkers17 in PD patients with Hoehn and Yahr stage of 2, the same stage that in moderate PD group in 
our study. However, the adaptation in the advanced PD patients (Hoehn and Yahr of 3) was opposite to 
the other two groups, increasing their step length and decreasing their cadence significantly. Thus, it 
seems that the treadmill affects differently the gait pattern in PD patients with more advanced PD. We 
found a trend for a decrease in stride time variability for treadmill vs. overground walking in all three 
groups. This is in line with evidence showing a significant decrease in the stride variability during 
treadmill walking in comparison with walking on ground with a walker.17 However, our results indicate 
that in advanced PD patients the step cadence and step length are more sensible to adapt and change to the 
treadmill than the stride time variability. It is of importance to note that the reduced step length is the 
main impairment of gait in PD patients, and most of the gait therapies are focused in the recovery of this 
parameter. 
One hypothesized suggests that the adaptation to the treadmill is related to sensory cues. It had been 
suggested that external sensory cues can provide the necessary trigger in PD to switch from one 
movement component in a movement sequence to the next and thus bypass defective internal 
pallidocortical projections.19 It is possible that when the patients are walking on the treadmill they may 
be using the propioceptive cues of the belt as a pacemaker. However, one issue that has not been reported 
in the literature is how the visual information can affect the PD gait over the treadmill. Under normal 
lighting, visual cues from lines on the walking surface have been reported to improve the stride length in 
PD patients, due to the optical flow induced by the lines during the gait.20 Although a treadmill does not 
generate optical flow, it is important to note that the subjects could use the distance from the front of the 
treadmill as a static visual cue. 
An alternative explanation for the changes in the gait pattern over the treadmill in our study could be 
the central pattern generators (CPG). The CPG has been postulated to explain the improvements in the 
gait of spinal cord injury patients during the use of a treadmill.21–23 The CPG consist of mutually 
inhibiting extensor and flexor half-center. Thus, during the stance phase, load is detected by Golgi tendon 
organs and muscle spindles of the extensor muscles and cutaneous afferents of the foot, which activates 
the extensor half-center. At the end of the stance phase, muscle spindles afferents of the flexor muscle 
excite the flexor half-center and initiate the swing phase.23, 24 The load sensitivity is reduced in PD 
patients resulting in poor leg extensor activation and increasing the tibial activation during the swing 
phase.25 This rise could be due to a defective extensor suppression of the flexor generating circuitry.26 It 
has been suggested that while on the treadmill the subjects use appropriate sensory inputs such as hip 
extension and correct loading of the limbs.27 Moreover, during treadmill gait, the belt forces stepping, 
probably through stretch facilitation of hip flexors and ankle plantar flexors at the end of the stance 
phase.28 Thus, the treadmill training could rely on the adequate afferent activation of the CPG in PD 
patients. 
Posttreadmill Effect 
All the subjects increased their overground gait speed and step length after the treadmill session in 
comparison with pretreadmill walking. These results suggest a “generalization effect” by demonstrating 
that several bouts of treadmill practice carry over to an improvement in an untrained task in this case 
walking overground. These results are in line with previous studies that have reported gait improvements 
after one treadmill session.12, 14 
The earlier speed increase after the treadmill could be due to the adaptation of the postural part of the 
gait initiation program. Lepers and colleagues29 found that following a running exercise on a treadmill, 
the first step length and velocity were greater, the double stance phase duration was shorter and the center 
of foot pressure displayed some changes. Following this line, Zanetti and Schieppati30 showed that 
treadmill walking modified quiet stance control inducing a forward inclination of the body, lasting for a 
few minutes. This could explain the duration of this “generalization effect” reported in our study. On the 
other hand training with visual cues or attentional strategies can improve the step length, speed and 
double limb support duration for at least 2 hr.31 Moreover, some studies suggest that the treadmill can 
work as a form of motor learning.18, 23 Thus, motor learning and neuroplasticity could be possible 
mechanisms to explain the carryover effect.18, 23, 32–34 
The present study confirms the potential therapeutic use of treadmill training for the rehabilitation of 
gait in PD patients. The use of the treadmill is effective in PD patients, leading to an increase in the step 
length and thus to the improvement of the main gait impairment in PD. 
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